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Abstract

Objective—Body mass index (BMI) is a widely used indicator of obesity status in clinical 

settings and population health research. However, there are concerns about the validity of BMI as 

a measure of obesity in post-menopausal women. Unlike BMI, which is an indirect measure of 

obesity and does not distinguish lean from fat mass, dual energy x-ray absorptiometry (DXA) 

provides a direct measure of body fat and is considered a gold standard of adiposity measurement. 

The goal of this study is to examine the validity of using BMI to identify obesity in post-

menopausal women relative to total body fat percent measured by DXA scan.

Methods—Data from 1329 post-menopausal women participating in the Buffalo OsteoPerio 

study were used in this analysis. At baseline, women ranged in age from 53 years to 85 years. 

Obesity was defined as BMI >30kg/m2 and body fat percent (BF%) greater than 35%, 38% or 

40%. We calculated sensitivity, specificity, positive predictive value and negative predictive value 

to evaluate the validity of BMI defined obesity relative BF%. We further explored the validity of 

BMI relative to percent body fat using graphical tools, such as scatterplots and receiver operating 

characteristic (ROC) curves. Youden’s J index was used to determine the empirical optimal BMI 

cut point for each level of BF% defined obesity.

Results—The sensitivity of BMI-defined obesity was 32.4% for 35% body fat, 44.6% for 38% 

body fat and 55.2% for 40% body fat. Corresponding specificity values were 99.3%, 97.1% and 

94.6%, respectively. The empirical optimal BMI cut-point to define obesity is 24.9kg/m2 for 35% 

BF, 26.49 kg/m2 for 38% BF and 27.05 kg/m2 for 40% BF according to the Youden Index.

Conclusions—Results demonstrate that a BMI cut-point of 30 kg/m2 does not appear to be an 

appropriate indicator of true obesity status in post-menopausal women. Empirical estimates of the 
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validity of BMI from this study may be used by other investigators to account for BMI-related 

misclassification in older women.
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Introduction

Over the past three decades, the prevalence of obesity has increased substantially across all 

age groups.1,2 Although the effect of obesity on morbidity and mortality in childhood and 

middle age has been studied extensively, there is still a debate about the health risks of 

obesity at older ages.3–5 Questions about the effect of obesity in older adults are particularly 

salient in postmenopausal women because in the years following the menopausal transition 

women often experience changes in body composition.6–8 Before it is possible to answer 

questions about the effect of obesity in postmenopausal women, it is crucial to empirically 

validate tools to measure excess body weight in this population.

Body mass index (BMI) is the most widely used indicator of obesity status in clinical 

settings and population health research. According to the World Health Organization, BMI 

greater than 30kg/m2 is considered obese. Despite its widespread use in the general 

population, several authors have questioned whether BMI is a valid measure of obesity 

status in older adults.9–11 Prior studies indicate that BMI may be particularly limited as a 

measure of obesity status in older adults.12,13 BMI is an indirect measure of adiposity, and 

does not account for the location of adipose tissue (e.g., subcutaneous vs. visceral fat), 

differentiate between fat mass or lean mass, or account for variation in body composition.
11,14,15

Concerns about the validity of BMI to correctly categorize obesity status may be amplified 

in older women. It is well documented that significant physical changes occur in the post-

menopausal period, including body weight changes, redistribution of adipose tissue, 

decreased skeletal muscle mass, and loss of height.16–18 Evidence suggests that menopause 

contributes to a change in body composition, such as an accumulation of visceral fat, 

irrespective of body weight change.17,19 As an example, consider a woman who loses height 

as she ages. Since BMI is a ratio of weight-for-height, age-related height loss would result in 

an increased BMI value by virtue of decreasing the value of the denominator, even if body 

weight remained constant.18 Additionally, post-menopausal women lose bone mineral 

density over time, which may lead to reduced overall body weight, smaller numerator and 

overall BMI value, even if the amount of fat mass remains the same.20 Considering the 

changes in body composition that occur as part of the natural aging process, it is unlikely 

that BMI corresponds to the same degree of adiposity in young or middle aged women and 

older postmenopausal women and use of BMI in this population may result in 

misclassification of obesity status and an inaccurate representation of obesity-related risks.18

Aside from BMI, there are several other indirect measures of adiposity that are often 

reported in the literature, such as waist circumference and waist to hip ratio, but each has its 

own set of limitations. Ultimately, no indirect measure of adiposity is able to differentiate 
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between adipose tissue, lean body mass, and bone mass. Direct measures of adiposity, such 

as dual energy x-ray absorptiometry (DXA) scan, provide a much more accurate 

measurement of body fat, but require access to expensive specialized equipment and skilled 

technicians.21,22 Validation studies have indicated that body fat percent (BF%) from DXA 

scan is an appropriate reference standard, or gold standard, for the measurement of 

adiposity.12,21–23

The objective of the present study is to explore the relationship between BMI and percent 

body fat (BF%) in post-menopausal women and examine the validity of using a BMI cut-

point of 30kg/m2 to identify obesity in post-menopausal women relative to body fat 

percentage (BF%) measured by DXA scan.

Methods

Study data

Participants were 1329 post-menopausal women aged 53–85 years in the Buffalo OsteoPerio 

study, an ancillary study to the Women’s Health Initiative (WHI).24 All OsteoPerio 

participants were also in the WHI observational study and recruited from the WHI Buffalo 

Clinical Center.24 Between 1997 and 2000, participants completed baseline OsteoPerio 

questionnaires and visited the clinical center for anthropometric measures, including weight 

and height, as well as a dual energy x-ray absorptiometry (DXA) scan with a Hologic 

QDR-4500A dual x-ray bone densitometer (Hologic Inc, Bedford, MA). Participants 

returned for 5-year follow-up visits from 2002 to 2005 (n=1,013) and 17-year follow-up is 

currently underway (n=390 available for the present analysis). Six particpants were missing 

BMI (1) or BF% (5) Anthropometric measures and DXA scans were measured at baseline 

and repeated at follow-up visits. This analysis includes data collected at both baseline and 

follow-up visits, resulting in an analytic cohort of 2726 observations.

Whole body DXA scan was used to measure body composition (fat mass, fat distribution, 

lean mass) as well as total body and site-specific bone density (hip, spine, wrist). Positioning 

and analysis of DXA scan results were performed according to standard protocol by trained 

technicians. Prior to the scan, participants were asked to change into medical gowns and 

asked to remove all jewelery.22 The validity and precision of the DXA measurements used in 

the WHI study has been reported elsewhere22. Chen and colleagues demonstrated that DXA-

derived measures of fat mass are highly correlated with results from MRI scan (fat mass: 

Pearson’s correlation coefficient=0.94; lean mass: Pearson’s correlation coefficient=0.99).
16,22 From the DXA scan, whole body fat percentage was calculated as total body fat mass 

over total mass multiplied by 100.25,26

Body Mass Index

Measured height and weight were used to calculate BMI. Having a BMI value greater than 

30 kg/m2 indicates obesity, while individuals with BMI value less than 30 kg/m2 are 

considered non-obese.8 This cut point is widely accepted in the biomedical literature to 

define obesity and also is used in clinical settings. It has been endorsed by the World Health 
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Organization, Centers for Disease Control, National Institutes of Health, and various other 

disease-specific organizations.8,27–29

Percent body fat (BF%)

Unlike BMI, there is a lack of consensus regarding a cut point that should be used to define 

obesity according to BF%. In women, a BF% greater than 35% is frequently used as the cut 

point to define obesity, but this is largely based on expert opinion and repeated use in the 

published literature rather than scientific evidence that 35% is a meaningful cutoff value.9,12 

The 1995 WHO Technical Report that created the BMI threshold for obesity does not make 

a recommendation about the BF% that should be used to define obesity.8,30,31 Published cut 

points to define obesity according to BF% in women range from 25% to 40%.13,32,33 

Considering the absence of a well-established BF% cut-point to classify postmenopausal 

women as obese, we will examine 35%, 38% and 40% BF from DXA scan as the reference 

standard to define obesity.

Statistical analysis

In the current analysis, we compared obesity defined by BMI (<30 kg/m2 vs. ≥30 kg/m2) 

with obesity defined by BF% (35%, 38% and 40%). Sensitivity, specificity, positive 

predictive value (PPV), and negative predictive value (NPV) were calculated to assess the 

diagnostic accuracy of BMI-defined obesity compared with obesity defined by BF%. Further 

description of calculations is provided in Supplemental Digital Content file 1. Sensitivity, 

specificity, PPV and NPV are all proportions that are calculated from counts of true positives 

(TP), false negatives (FN), true negatives (TN), and true negatives (TN). Sensitivity 

(Pr(X*=1|X=1) is defined as the proportion of individuals that are truly obese (X*=1) and 

classified as obese by BMI (X=1). It is calculated as Se=TP/(TP+FN). Specificity (Pr(X*=0|

X=0) is defined as the proportion of individuals that are truly non-obese (X*=0) and 

classified as non-obese by BMI (X=0), calculated as Sp=TN/(TN+FP). Positive predictive 

value (Pr(X=1|X*=1) is the probability that someone who is classified as obese by BMI is 

truly obese, calculated as PPV= TP/(TP+FP), and negative predictive value (Pr(X=0|X*=0) 

is the probability that someone classified as non-obese is truly non-obese, calculated as 

NPV=TN/(TN+FN). To account for the correlation between observations, pooled logistic 

regression was used to provide a valid estimate of the 95% confidence interval for 

sensitivity, specificity, PPV and NPV values. Percent correctly classified is the proportion of 

women who were classified as true positives and true negatives divided by the total 

population, calculated as (TP+TN)/(TP+TN+FP+FN). The area under the curve (AUC) was 

calculated as a metric to evaluate the discriminatory ability of a BMI cut point of 30 kg/m2, 

a higher AUC value indicates a stronger discrimination ability while an AUC equal to 0.5 

means that BMI is no better than chance at identifying individuals according to their true 

obesity status.34

Scatterplots were used to graphically explore the validity of BMI as a continuous variable 

against continuous BF%. Comparing Figure 1a and 1b additionally provides a basis for 

exploring the effect of changing BF% cut points on the prevalence of obesity and the 

number of women who are correctly, or incorrectly, classified.
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Finally, although BMI ≥30 kg/m2 is well accepted as the cut point to define obesity 

according to BMI, we investigated the empirical optimal BMI cut point for each level of BF

% defined obesity (35%, 38% and 40%). This analysis demonstrates the BMI cut point that 

should be used to maximize the sum of sensitivity and specificity at each BF% cut point. 

The Youden Index (also known as Youden’s J statistic) was used to determine the optimal 

threshold value for BMI.35,36 For all possible threshold values (t), the Youden Index is 

defined as:

The critical threshold value, t*, is the point at which the sensitivity and specificity is 

maximized.36 We subsequently created a Receiver Operating Characteristic (ROC) curve of 

sensitivity versus 1-specificity for each of the BF% cut points and plotted the optimal BMI 

cut point on the respective ROC graphs.34,37 All analyses were conducted with Stata 14 

Software. Annotated software code is provided (see Supplemental Digital Content 2) to 

facilitate greater understanding of the results presented here.

Results

Table 1 presents descriptive characteristics of the study cohort. The mean BMI of the 

participants was 26.7 kg/m2 (SD=5.2, range: 15.4–57.4 kg/m2) and mean BF% was 36.8% 

(SD=6.0, range: 14.4–54.1%). At baseline, average age was 66.1 years (SD=7.0). The 

sample was predominantly composed of white women. Based on BMI classification, 35% of 

the participants were classified as overweight and 21% were obese. There was a positive 

increase in percent body fat as BMI category increased; for the underweight, normal weight, 

overweight, and obese categories, the mean percent body fat values were 22.7%, 32.6%, 

38.5%, and 43.4%, respectively.

Results presented in Table 2 demonstrate the validity of using BMI-defined obesity (BMI ≥ 

30kg/m2) relative to referent standards of 35%, 38% and 40% BF. Using a BMI cut-point of 

30kg/m2, sensitivity and specificity ranged from 32.4% and 99.3% for 35% BF to 44.6% and 

97.1% for 38% BF and 55.2% and 94.6% for 40% BF. These results demonstrate the low 

sensitivity of using 30 kg/m2 to correctly identify an individual’s true obesity status 

according to BMI. Even with 40 BF% as the reference criterion to define obesity according 

to BF%, only half of women (55%) who are truly obese are being identified as obese 

according to BMI. Increasing the BF% used as the referent standard from 35% to 40% 

produces a noticeable increase in sensitivity (+23%) at the expense of a moderate decrease 

in specificity (−4.6%). The NPV demonstrated the most notable change when comparing 

across levels of BF%, from 43.6% for 35% BF and 81.8% for 40% BF, indicating a 38% 

increase in the probability that someone who is truly non-obese is classified as non-obese by 

BMI.

Changing the BF% cut point used to define obesity has a substantial impact on the 

prevalence of the study population defined as obese; as the cut point increases, the 

proportion of women categorized as obese decreases. Using a cut point of 35% BF to define 
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obesity, the prevalence of obesity was 66% in the study sample, using a cut point of 38% BF 

resulted in 45% of women being categorized as obese, and using a cut point of 40% BF 

resulted in 32% being considered obese.

The scatterplots presented in Figure 1a and 1b are a visual representation of the degree of 

misclassification present when using BMI ≥30kg/m2 to define obesity against varying BF% 

cut points. Figures 1a and 1b depicts the relationship between BMI and BF% as continuous 

variables. Quadrant A represents individuals who were defined as obese by BMI but non-

obese by BF% (upper left), quadrant B represents individuals who were classified as obese 

by BMI and BF% (upper right), quadrant C represents individuals who were non-obese by 

BMI and BF% (lower left), and quadrant D represents individuals who were classified as 

non-obese by BMI and obese by BF% (lower right). Participants in quadrants A and D are 

considered misclassified (i.e., false positive or false negatives), while participants in 

quadrants B and C are considered correctly classified (i.e., true positive or true negative).. In 

Figure 1a, a cut point of 35% BF is used to define obesity and in Figure 1b a cut point of 

40% BF is used to define obesity, indicated by the black vertical lines at 35 and 40 percent 

body fat on the respective graphs. In both Figures 1a and b, BMI greater than 30 kg/m2 is 

used to define obesity, indicated by the black horizontal line on each graph. The fitted line 

demonstrates a quadratic relationship between BMI and BF%. Upon visual inspection, it is 

clear that a greater proportion of the sample is considered obese using a cut point of 35% BF 

rather than 40% BF. A scatterplot demonstrating the cut point of 38% is presented in 

Supplemental Digital Content 3. Figures 1a and b provide information about the 

concordance between BMI-defined obesity and % BF-defined obesity. Using a cut point of 

35% BF to define obesity, 55% of women were correctly classified by BMI and BF% and 

using a cut point of 40% BF results in 82% of women being correctly classified. In Figure 

1a, the greatest proportion of women (44%) are in Quadrant D, and therefore misclassified, 

while in Figure 1b the greatest proportion of women (64%) are in Quadrant C, meaning they 

are correctly classified.

Further analyses (Table 3) demonstrated that the optimal cut point to define obesity using 

BMI is 24.84 kg/m2 if 35% BF is considered the true referent standard to define obesity, a 

cut point of 26.49 kg/m2 if 38% BF is considered the true referent standard, and a cut point 

of 27.04 kg/m2 if 40% BF is the true referent standard. Using the empirical optimal BMI cut 

point for each of the BF% levels results in over 80% of women being correctly classified. 

The ROC curves of sensitivity versus 1-specificity comparing the BF% cut points (e.g., 35%, 

38% and 40%) and BMI can be found in Figure 2a–c. The optimal BMI cut point for each 

BF% is indicated on the respective ROC curves.

Discussion

The results of the present study indicate that a substantial proportion of older women who 

are truly obese are misclassified as non-obese by BMI, regardless of the BF% used as the 

reference standard. It is important for researchers and clinicians to recognize the substantial 

misclassification that may result from using BMI ≥30kg/m2 as a criterion to define obesity 

in postmenopausal women. BMI additionally underestimates the prevalence of obesity 

compared with obesity defined directly from BF%. Using 40% BF as the reference standard 
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maximizes the indices of validity relative to a BMI cut point of 30kg/m2. Furthermore, we 

demonstrated that whether 35%, 38% or 40% BF is used as the reference standard, a BMI 

cut point of 30kg/m2 is too high to accurately classify women as obese or non-obese, and 

should potentially be replaced with BMI cut points of 24.9 kg/m2, 26.5 kg/m2 or 27.1 kg/m2, 

respectively. The optimal BMI cut point to define obesity increased as the BF% to define 

obesity increased. This demonstrates that while BMI may not be a perfect indicator of BF%, 

there is still concordance between an increasing amount of body fat and an increasing BMI 

value. Further research is required to understand the impact of changing the cut-point for 

BMI-defined obesity and how it relates to health outcomes or future disease risk.

Our results are consistent with previous research demonstrating poor diagnostic accuracy of 

BMI in older women.12,32 In line with the conclusions of Evans et al. (2006) and Batsis et 

al. (2016), our findings suggest that using a cut point of 30 kg/m2 to define obesity in 

postmenopausal women is too high. Using this BMI cut point results in a low true positive 

rate (i.e., sensitivity) and a high true negative rate (i.e., specificity). There is a well-known 

trade-off between sensitivity and specificity in diagnostic research; lowering the BMI cut-off 

value will increase sensitivity (identifying more true positives) at the cost of specificity, 

producing more false positives.38 Thus, the cost of lowering the BMI cut point to define 

obesity in postmenopausal women will come in the form of more women being erroneously 

diagnosed as obese according to BMI, when, in fact, they are not truly obese. In making this 

decision, it is important to weigh the implications of keeping the cut point at 30kg/m2, and 

potentially missing the diagnosis of true cases of obesity versus lowering the cut point and 

potentially misclassifying non-obese women as obese.

Our study highlights two important challenges faced by researchers and clinicians focused 

on obesity in postmenopausal women. Firstly, although it is evident that BMI≥30kg/m2 is 

suboptimal for classifying truly obese postmenopausal women as obese, it may be 

challenging to come up with a superior method to assess obesity that could realistically be 

implemented in busy clinical settings with limited resources. Aside from its use in research, 

BMI is frequently used to inform clinical decisions, such as identifying whether an 

individual patient is an appropriate candidate for surgery or to predict future risk of 

morbidity (i.e., risk of fracture, coronary disease, cancer)39–42. It is unrealistic to assume 

that direct methods of assessing adiposity are available to or affordable for clinicians 

responsible for treating postmenopausal women. One potential solution is using inverse BMI 

(iBMI=1000/BMI, cm/kg2) to classify post-menopausal women as obese, as it has been 

demonstrated to be a better proxy for percent body fat and true obesity status.43 The 

relationship between BMI and BF% is non-linear, as previously reported by other authors 

and indicated by the quadratic lines of best fit in Figures 1a and 1b.11,43,44 However, prior 

research has demonstrated that the relationship between iBMI and BF% is linear, indicating 

that iBMI may be a better predictor of true obesity status. There is currently no recognized 

cut point to identify obesity according to iBMI, so this represents an interesting opportunity 

for future research.

The second challenge raised by the present results is that if BMI is being used as a proxy to 

indicate true adiposity status, it is evident that 30kg/m2 may not be the appropriate cut point 

to use to define obesity in postmenopausal women. Although BMI≥30 kg/m2 is widely 
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recognized as the cut point to define obesity, and its use is ubiquitous, the scientific rationale 

for using a threshold of 30 kg/m2, as opposed to an alternative BMI value, such as 28 kg/m2 

or 29 kg/m2, is relatively weak. The 1995 WHO Technical Report, responsible for initially 

creating the BMI categories, states “the method used to establish BMI cut-off points has 

been largely arbitrary. In essence it has been based on visual inspection of the relationship 

between BMI and mortality: the cut-off of 30 is based on the point of flexion in the curve” 

(p.313).8 The present results provide empirical evidence that it may be appropriate to re-

evaluate whether the current threshold of 30kg/m2 should continue to be used to define 

obesity in women’s health research, considering its weak validity and poor diagnostic 

accuracy relative to true obesity status.

Studies have documented that the effect of obesity on mortality may be attenuated in older 

women resulting in an apparently reduced risk of obesity-related morbidity.4,20 Bea and 

colleagues reported a consistent decrease in obesity-related mortality risk by age among 

women in the Women’s Health Initiative, ranging from 1.46 (95% CI: 0.90,2.36) to 1.17 

(95% CI: 0.90, 1.52) to 1.02 (95% CI: 0.80, 1.30) for women with BMI 30–35 kg/m2 aged 

≤60, 60–69, and ≥70.16 The present results raise an interesting question about whether the 

attenuated effect of obesity in older women might be attributed to incorrect classification of 

exposure. Many women who are truly obese are being misclassified as non-obese by BMI, 

potentially leading to a systematic underestimation of obesity-related mortality risks in older 

women.

In any research study, accurate exposure measurement is crucial to producing valid and 

reliable effect estimates. The sensitivity, specificity, PPV and NPV values presented here can 

be used to adjust for BMI-related misclassification in future studies on postmenopausal 

women.45 This represents an important strength and contribution of the present work. With a 

large sample of post-menopausal women and an analysis that considered the effect of 

varying values for the BF% referent standard, these results provide researchers and 

clinicians with important information that can be used to improve the validity of research 

focused on the effect of obesity in older women. Another potential avenue for future 

research would be to explore the validity of other BMI categories (e.g., overweight; BMI 

≥25 kg/m2) in older women. The present study also has several limitations. Due to the small 

number of non-white participants, we were unable to explore whether misclassification of 

obesity status varied by race. The results also are only generalizable to post-menopausal 

women, as our sample was exclusively composed of older females.

Conclusion

This study adds to the growing body of knowledge highlighting the limitations of using BMI 

to define obesity.13 These findings represent an important addition to the literature because 

the body composition of postmenopausal women is distinct from pre-menopausal women or 

men at any stage of the life course. As life expectancies continues to rise, women are 

expected to spend more than a third of their lifetime beyond the menopausal transition6. 

Understanding the effect of obesity in postmenopausal older women is critical to preventing 

morbidity and mortality and ensuring high quality of life as women age. Though BMI is 

frequently used as a measure of obesity, our findings indicate that using a BMI cut point of 
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30 kg/m2 may lead to bias in measuring the effects of obesity on health outcomes in 

postmenopausal women.11 Our results add an important perspective focused on aging 

women to a growing body of literature emphasizing the shortcomings of using BMI to 

define obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
a–b. Scatterplots comparing BMI (kg/m2) with percent body fat (%). The black horizontal 

line represents BMI greater than 30 kg/m2. The curved line represents a quadratic prediction 

line. The vertical line indicates percent body fat greater than 35% (Figure 1a) and 40% 

(Figure 1b). Participants in Quadrants A and D are misclassified, participants in Quadrants B 

and C are correctly classified. In Figure 1a, 0.26% of women are in quadrant A, 21% are in 

quadrant B, 34% are in quadrant C, and 44% are in quadrant D. In figure 1b, 3.7% are in 

quadrant A, 18% are in quadrant B, 64% are in quadrant C, and 14% in quadrant D.
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Figure 2. 
a–c. Receiver operating characteristic (ROC) curves comparing BMI with a) 35%, b) 38%, 

and c) 40% BF cut points to define obesity. The black point on the curve of each graph 

demonstrates the optimal BMI threshold value for that BF% cutpoint.
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Table 1

Demographic characteristics of study participants at baseline (n=1,329)

Age, mean ± SD 66.1 ± 7.0

Highest level of education

High school 280 (21.3%)

College 585 (44.5%)

Post-graduate 451 (34.3%)

Race

White 1,302 (97.6%)

Other 35 (2.60%)

Cigarette smoking status

Never 705 (52.8%)

Former 587 (43.9%)

Current 44 (3.30%)

BMI category

Underweight (<18.5 kg/m2) 16 (1.20%)

Normal weight (18.5–24.9 kg/m2) 567 (42.7%)

Overweight (25–29.9 kg/m2) 462 (34.76%)

Obese (>30kg/m2) 284 (21.4%)

Percent body fat (%; mean ± SD) 36.8% ± 6.02

Total body fat (kg; mean ± SD) 26.8 ± 9.20

Lean body mass (kg; mean ± SD) 42.0 ± 5.56

Whole body bone mineral density (g/cm2; mean ± SD) 1.06 ± 0.11

Hormone therapy use

Never 436 (32.6%)

Former 269 (20.1%)

Current 632 (47.3%)

Parity

0 168 (12.6)

1–2 375 (28.1)

3–4 570 (42.8)

≥5 220 (16.5)

Age at menopause, mean ± SD 49.3 ± 5.7

Physical activity (MET-hour/week) 14.3 ± 14.3
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Table 2

Classification of obesity using BMI >30kg/m2 and varying percent body fat cut-points to define obesity 

(N=2726)

35% Body Fat 38% Body Fat 40% Body Fat

Prevalence of BMI >30kg/m2 66% 45% 32%

Sensitivity (95%CI) 32.4% (29.5, 35.3) 44.6% (40.9, 48.2) 55.2% (50.9 59.3)

Specificity (95%CI) 99.3% (98.6, 99.8) 97.1 (96.0, 98.1) 94.6% (93.2 95.9)

Positive predictive value (95%CI) 98.8% (97.8, 99.8) 92.5% (89.8, 95.1) 82.9% (79.0 86.8)

Negative predictive value (95%CI) 43.6 % (40.7, 46.4) 68.5% (65.9, 71.0) 81.5% (79.4, 83.6)

Percent correctly classified 55.4% 73.7% 81.8%

Area under ROC curve 0.658 0.708 0.749

Note: Details of calculation of sensitivity, specificity, positive predictive value, negative predictive value, and percent correctly classified are 
provided in the Supplemental Digital Content.
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